Childhood education programmes aiming at incorporating topics related to science, technology, 9 engineering, and mathematics (STEM) have gained recognition as key levers in the progress of 10 education for all students. Inspiring young people to take part in the discovery and delivery of 11 science is of paramount importance not only for their well-being but also for their future human 12 development. To address this need, an outreach model entitled OH-Kids was designed to 13 empower educators and pupils through the development of high-quality STEM learning 14 experiences based on a research project. The model is an opportunity for primary school learners 15 to meet geoscientists while receiving the take-home message that anyone can get involved in 16 scientific activities. The effort is part of a research project aimed at the real-time monitoring of 17 precipitation in Mexico City, which is a smart solution to rainfall monitoring using information 18 and communications technologies. The argument behind this effort is that in order to produce the 19 next generation of problem-solvers, education should ensure that learners develop an 20 appreciation and working familiarity with a real-world project. Results show success at 21 introducing the role of researchers and STEM topics to 6-12-year-old learners. 
Introduction 28
Inspiring young people to take part in the discovery and delivery of science, technology, 29 engineering, and mathematics (STEM) has been proved to contribute significantly not only to 30 their well-being, but also to their future human development (Bertram and Pascal, 2016; Morgan 31 et al., 2016; Friedman-Krauss et al., 2018). However, the current system uses teaching and learning 32 methods that tend to develop geoscientists, engineers, and technologists only by mere chance. It 33 seems that, in far too many cases, teachers and/or syllabi unintentionally deter potential STEM 34 learners-especially girls-due to the way they choose to teach science, mathematics, design, and 35
technology. 36 37
Moreover, in several countries, such as the United Kingdom, STEM topics do not appear on the 38 timetables of pupils of primary or lower secondary age (Bianchi and Chippindall, 2018) . This is 39 also the case in Mexico, where promoting and improving student engagement on these topics 40 constitutes a great challenge for teachers. This is ascribed to the lack of professional guidance for 41 early childhood educators, who rarely receive in-depth professional training for teaching STEM 42 The model is akin to a workshop and includes two types of activities. The first one is related to 137 traditional academic strategies: a short lecture that explains the real-world problem and associated 138 concepts. The second one consists of interactive and ludic activities that are implemented within 139 the classroom as didactic tools for teaching the STEM disciplines involved in water resources. All 140 activities are organised in a circuit that enables the alternation of an academic activity with one of 141 a more ludic nature, which can be considered as one of the innovations of this outreach model. 142
143
In order to assess modifications in pupils' perceptions of some basic concepts related to water 144 resources, as well as their perceptions of science and scientists, resulting from the application of 145 our model, we designed a diagnosis and final questionnaire. Similar instruments have been 146 documented to establish attitudes within educational research (Muller et al., 2013; OECD, 2016) . 147 Tables 1 and 2 show the questions incorporated in these questionnaires. The first five questions 148 were designed to examine how their perception of water concepts changed after their participation, 149 while the last four served to evaluate how much their attitude towards science had changed. 150 The diagnostic questionnaire is applied before the workshop, which allows establishing a baseline 157 of students' perceptions in relation to science and their level of understanding of basic water 158 science concepts. After all activities, the final questionnaire was applied to obtain feedback from 159 the students about the subjects seen. This evaluation instrument helps to infer the students' 160 perceptions towards water science, scientists, and technology before and after its application. 161 7 In summary, the OH-Kids workshop incorporates a series of activities implemented in a 163 successive order (shown in The activities workshop starts with a short talk introducing real-time rainfall monitoring at urban 173 scale and concepts related to water science and technology (i.e. water footprint, hydrological cycle, 174 precipitation, cloud formation, etc.). This mini talk is aimed at highlighting the importance of 175 water for the planet, the cities, and their own lives. 176
177
In the sequence, the group of students is divided in five sub-groups of six students for the 178 application of the activities circuit. This subdivision is carried out to enable the participation of all 179 learners within each activity and to improve teacher-learner relationships, which contributes to a 180 better learning process. In addition, it is acknowledged that low-, medium-, and high-ability 181 students all benefit when being taught in small heterogeneous groups. The learning process of 182 low-ability students may especially suffer risks in homogeneous, teacher-led groups (Wilkinson 183 and Fung 2002). 184 8
The whole circuit comprises a range of interactive and ludic activities of short duration (15 186 minutes), which are shown as shaded cells in Table 3 . These activities are performed 187 simultaneously by each student subgroup, which alternates between different activities every 15 188 minutes. These activities incorporate the work of a facilitator per activity, who supports students 189 who are not willing or able to participate without help. Once all the smaller groups have 190 completed the five activities, the students are regrouped into one plenary session to conclude the 191 workshop and apply the final evaluation questionnaire. 
Water bingo and memory games 213
The development and widespread use of games began a revolution in thinking about their 214 potential role for non-entertainment domains. Moreover, it has been acknowledged that many 215 students may not respond strongly to instruction that they do not perceive as engaging. This is 216 why the use of games has been regarded as a useful pedagogical approach to help engage students 217 
Urban water physical model 252
Physical models located in laboratories have been an essential part of undergraduate and, in some 253 cases, graduate programs in engineering (Feisel and Rosa, 2005) 
to reflect the empirical nature of science (Millar, 1998) . Given the importance of this pedagogic 256 tool, we considered the use and construction of a simple urban water physical model in our 257 workshop to illustrate how heavy rainfall saturates an urban drainage, producing floods. Our 258 physical model consists of a small-scaled city within a glass case, a miniature urban drainage, and 259 rainfall simulator (Figure 4) . 260
261
The drainage system is made up of four orifices that represent the sewers, which are connected 262 with PVC drainage pipes. For the rainfall simulator, PVC pipes and two water pumps (low-and 263 high-flow rate) are used. This system allows us to simulate three rainfall intensities through flow 264 combinations: light, moderate, and heavy rainfall. With the physical model, we can simulate the 265 development of urban floods, i.e., when a city's sewage system and drainage pipes do not have 266 the necessary capacity to drain away the amount of rain that is falling. Figure 5 illustrates a small 267 group of students actively participating in the activity. 268 contrast, if the answer is not correct, the player stays at the same cell. Figure 7 shows a group of 308 children playing Hydro-thon during a workshop. In summary, the game reviews how well 309 concepts were understood by the students in a relaxed atmosphere. 310 
Meet and play with a real optical disdrometer 317
This is another key activity within the workshop, which allows students to experience with a real 318 rainfall measurement instrument from the OH-IIUNAM research project. This activity enablesstudents to witness how precipitation is measured by the optical instrument through a fun 320 challenge. 321 322 Students "generate rainfall" by activating a water spray bottle within the measurement area of the 323 instrument. The data acquisition system designed especially for this activity acquires rainfall 324 variables, such as intensity, raindrop diameters, and fall velocity. The information is immediately 325 displayed in a screen minute by minute. The data acquisition system used in the demonstration is 326 similar to the one used in the real research project. 327
328
Students feel enthusiastic about the challenge, trying to do their best in order to obtain a maximum 329 amount of rainfall or calculate the raindrops simulated with a water spray bottle. After the 330 challenge, the OH-Kids team explains the functioning of the disdrometer in order to complement 331 their learning. Occasionally, students repeated the same mistake of spraying perpendicularly to 332 the laser beam instead of orthogonally, because rain falls perpendicularly to the ground. All 333 information is transmitted in a playful and fun way, so that students can understand and feel 334 motivated to participate. 
Water and technology quiz 358
Among the technological activities designed for the reinforcement of key water science and 359 hydrological concepts is the implementation of a quiz game. It has been recognised that students 360 can learn academic content and have fun while playing educationally relevant games. Moreover, 361 games can promote teamwork and cooperation (Steinberg, 2011) Tables 1 and 2 ). This figure  393 demonstrates the efficiency of the workshop on key water concepts that were not clear to the 394 students at the beginning of the workshop. For instance, before the workshop, results show that 395 only 30% of all the students answered "a lot" to the question of how much they know about the 396 water cycle. The reply to this question after the workshop rose to 75.6% of students being able to 397
answer "a lot". The same occurred with the question related to the water footprint, which is a 398 more elaborate concept than that of the water cycle. In this case, 65.7% of the students admittedonly 5.8% of the students. In the case of measuring rainfall, before the workshop only 53.5% 401 recognised its importance, while this number rose to 88.95% after the workshop. is and does, therefore we designed a series of questions in order to assess whether this workshop 409 could contribute to increase the numbers of students who would be keen on becoming a scientist. 410
In this sense, Figure 11 shows the compiled percentages of answers related to this topic (questions 411 6-9 in Tables 1 and 2 ) considering the whole sample, where it is evident that there is less variation 412 in the students' responses. Results indicate that prior to the workshop, 76.45% of all students 413 thought science was interesting, with this number increasing to 82.45% after the workshop. Indeed, 414 before the workshop, 33.13% of students answered "a lot" to the question asking whether they 415 would like to become a scientist, and the percentage of students giving the same answer to this 416 question after the activities increased to 47.68%. 417 In general, all students were clearly engaged by the interactive and ludic activities and hands-on 431 experiments, which enhanced their curiosity and sparked their interest in water science and 432
technology. 433 434
The confirmation provided by these numbers was further established through personal interviews 435 with educators from all the schools that were visited. In all cases, it was recognised that the 436 workshop was novel at introducing scientific concepts and activities into the classroom. The 437 contextualisation of science through the explanation of a real research project with the 438 implementation of different strategies that included hands-on activities and games provided a fuel 439 for enthusiasm and energy in most students. In addition, it helped to pass the message to students 440 with different skills and attitudes towards science.
442
This initiative is observed as a promising first step towards establishing a research-practice 443 partnership between a research institution and different primary schools in the city, which, by the 444 way, have agreed to host an in-situ rainfall monitoring station within their facilities. Thus, we 445 were able to cross the boundaries between schools, universities, and researchers, imparting 446 knowledge in a ludic way in order to share information and expertise. Our approach was oriented 447 towards leveraging everyday issues (e.g. lack of water, rainfall measurements) and the skills of a 448 diverse group of students to show them that their innate curiosity is the much-needed fuel for 449
research. 450
451
It should be noted that it is not the intention of the workshop to replace the classroom instruction, 452 but to provide another learning strategy. In a similar way, games have been reported not to 453 displace classroom instruction, books, and tests (Shapiro, 2014). However, our workshop is a 454 viable venue for educators to provide the differentiated learning experiences that students require 455 to find their inner motivation and fulfil their potential. The workshop will be carried out in the 456 following years to continue the engagement of more students in a robust, relevant, and sustainable 457 way that can be upscaled. 458 459
Conclusions and final remarks 460
Childhood education aiming at incorporating topics related to STEM have gained recognition as 461 key levers in the progress of education for all students. STEM activities are an effective platform 462 for providing rich learning experiences that are accessible to students from all backgrounds. 463 464 This study used activities related to a real research project to provide a motivational design of 465 math and science classes. The objective was to enhance the attractiveness and accessibility of STEM 466 topics related to water science in an informal setting, followed by comprehensible teaching and a 467 connection to students' everyday experiences. 
